Introduction
Nitroaromatic compounds (NACs) are common toxic and hazardous chemicals, which should not be neglected in our daily life. To date, NACs have been extensively used in many elds including industry, agriculture, and military. Due to its extensive use and difficulty in degradation, it triggers a series of security and environmental issues.
1 Hence, it is vitally important to effectively detect NACs for homeland security and environmental protection. It is noteworthy that 2,4,6-trinitrophenol (TNP) is the most common nitro explosive, which possesses stronger explosive force as compared to other nitro explosives. In addition, TNP is also widely applied in the reworks, industrial dye, and leather elds. Due to its frequent and excessive use, a large number of PAs are released into the environment; this leads to a series of serious health complications including genovariation, respiratory infection, and anemia. Thus, it is particularly important to efficiently detect TNP among all the NACs.
Metal-organic frameworks (MOFs) [2] [3] [4] [5] can be considered as a new class of fascinating porous crystalline materials, which have attracted signicant attention in the past few decades. Due to their intriguing varieties of architectures, high surface areas, and tunable structures, MOFs have emerged as promising materials with a wide range of potential applications. Among them, luminescent MOFs, [6] [7] [8] [9] [10] [11] [12] [13] [14] as fast-growing organic-inorganic hybrid luminescent crystalline materials, have received signi-cant attention for the detection of hazardous substances because luminescent MOFs have the unique advantage of functional diversity. Luminescent MOFs are composed of two different parts: metal ions/clusters and organic bridging ligands, which can be considered as light-emitting sources. Numerous factors, including metal ion, organic ligand, temperature, and solvent system, can affect the structural assembly process and luminescent properties of these luminescent MOFs. [15] [16] [17] [18] Among them, the organic ligand plays the most important role in adjusting their structure and functionality. Recently, extensive efforts have been focused on the design of novel semi-rigid tritopic ligands such as 1,3,5-tri(4-carboxyphenoxy)benzene [19] [20] [21] and 1,3,5-tri(4-(2H-tetrazol-5-yl)phenoxy) benzene. 22 These ligands can be widely applied to construct MOFs due to their intriguing architectures and remarkable properties. On the other hand, the functional luminescent ligands not only can be used to construct luminescent MOFs, but also contain functional groups to enhance the recognition effect of ions, solvents, and small molecules. Hence, triazines as functional groups can be designed and synthesized to form luminescent MOFs as sensors because they generate interactions between guest molecules and the MOF skeleton to affect their luminescent properties. Motivated by the abovementioned aspects, our research strategy has evolved as follows. Considering that triazines can serve as a hydrogen-bonding recognition group, we introduced it into semi-rigid tritopic ligands, which can serve as a luminescent emitting source for the detection of toxic and harmful substances. Recently, some luminescent MOFs based on semi-rigid tritopic ligands have been prepared as sensors. For 
Experimental

Materials and methods
All solvents and chemical reagents for syntheses were purchased from commercial sources and used without purication. H 3 TATMA was successfully prepared according to the reported literature. 15 Room-temperature powder X-ray diffraction (PXRD) spectra were obtained using a Rigaku D/Max-2500 diffractometer with a Cu-target tube (l ¼ 1.5418Å) at 40 kV and 100 mA in the 2q range from 4 to 40 . Thermogravimetric analyses (TGA) were conducted using a Perkin-Elmer TGA thermogravimetric analyser at the heating rate of 10 C min À1 in the range of 30-800 C under an air ow. Elemental analyses (C, H, and N) were conducted using a Perkin-Elmer 240 analyzer. Fourier-transform infrared spectra (FT-IR) were obtained via a Nicolet Impact 410 FT-IR spectrometer using KBr pellets in the range of 4000-400 cm
À1
. All room-temperature luminescent measurements were performed using a Fluoromax-4 spectrouorometer. All liquid UV-vis data were obtained using a UV-2450 machine. X-ray structure determination and structure renement
The crystallographic data for 1 was obtained using a Bruker SMART APEX II CCD with Mo-Ka radiation (l ¼ 0.71073Å) at room temperature. The SADABS program was applied to correct the incident and diffracted absorption effects. 26 The structures were successfully solved by the direct methods and further rened by the full matrix least-squares against F 2 values using the SHELXTL package. 27 All the non-hydrogen atoms can be located from the Fourier maps and further rened by anisotropic thermal parameters. Since many disordered molecules exist in the structure of 1, their corresponding diffraction data can be removed using the PLATON/SQUEEZE route. 28, 29 The solvent molecules were determined from the TGA data and elemental analyses (C, H, and N). The crystallographic data and structure processing parameters for 1 are summarized in Table 1 , and the selected bond lengths and bond angles are listed in Table S1 . †
Results and discussion
Crystal structure
Single-crystal X-ray diffraction analysis reveals that 1 crystallizes in the monoclinic Cc space group and exhibits a 2D layered structure with binuclear {Pr 2 (COO) 6 6 } subunits to generate a 2D layer. The different layers can be further packed together in an ABAB fashion (Fig. 1c) . Topologically, the {Pr 2 (COO) 6 } subunit and TATMA 3À ligand can be considered as 6-connected and 3-connected nodes, respectively. Thus, 1 can be simplied into a 3,6-connected kgd topology with the Schläi symbol of ( 4 3 ) 2 (4
( Fig. 1d) .
22,30
FT-IR spectra, PXRD, TGA analysis
The FT-IR spectra of 1 exhibit strong and broad bands at 3422 cm À1 , which should be attributed to the stretching vibrations of -OH. (Fig. S1 †) . In addition, the room-temperature PXRD patterns of the resultant crystals of 1 demonstrate the phase purity of a large number of crystal samples (Fig. S3 †) . Furthermore, the PXRD patterns analyses indicate that 1 can retain high crystallinity aer being soaked in DMF and kept in air for one week; this suggests that the layered structure possesses good stability (Fig. S3 †) . The TGA data of the crystals of 1 (Fig. S4 †) 
Luminescent and sensing properties
The solid luminescent properties of the free H 3 TATMA ligand and 1 were determined at room temperature. The excitation and emission spectra of crystals of 1 dispersed in DMF were studied and have been discussed because it is insoluble and retains its structure in DMF well. It exhibits an excitation band at 292 nm, and displays luminescence with an emission band at 350 nm (Fig. 2a) . In contrast, the maximum excitation and emission wavelengths of the H 3 TATMA ligand in DMF are at 357 nm and 426 nm, respectively (Fig. 2b) . These results indicate that the luminescent property of 1 is mostly attributed to the emission of the organic linker. The spectral blue-shi is mainly due to the coordination of the TATMA 3À ligand to the central Pr 3+ ion. It leads to less vibrations of the skeleton and reduces the loss of energy via radiationless decay of the intraligand emission excited state.
31,32
To investigate the luminescent sensing ability of 1, the emission spectra of the ground crystal powder of 1 dispersed in DMF with 600 ppm of different analytes were obtained under excitation at 292 nm due to its insolubility and highly luminescent intensity in DMF (Fig. 2c) . It is noteworthy that the luminescent intensities of 1 are signicantly dependent on the different solvents. Interestingly, 1 exhibits signicant luminescent quenching behaviour in nitrobenzene (NB). 33, 34 To further monitor its luminescent response to NB, 1 was titrated with NB at different concentrations in a DMF solution at room temperature (Fig. 2d) . The results show that the emission intensity of 1 decreases continuously with an increase in NB concentration. As discussed above, the luminescent quenching behaviour of the resultant sample is mainly related to the electronwithdrawing -NO 2 group. Hence, we further investigated the luminescent quenching behaviour of 1 to detect a series of NACs including 1-iodo-4-nitrobenzene (I-NB), 1,3-dinitrobenzene (1,3-DNB), and TNP. The luminescent quenching behaviour was monitored by luminescence spectroscopy (l ex ¼ 292 nm) when different amounts of analytes were added to the DMF solution (Fig. S5 †) . As shown in Fig. 3 and S6, † the results indicate that TNP is the most effectively detected NAC due to the presence of three nitro groups in it. With an increase in the amount of -NO 2 groups, electron transfer becomes much easier; this leads to a more effective luminescent quenching performance.
35-37
Moreover, there is a considerable degree of overlap between the absorption band of TNP and the emission spectrum of 1 in DMF (Fig. S7 †) . In addition, the N atoms in the TATMA 3À ligand can provide hydrogen-bonding interactions with the highly acidic phenol group (-OH) of TNP. The hydrogen-bonding interactions play an important role as electron-transfer bridges to improve the high selectivity of TNP. [34] [35] [36] As abovementioned, the nature of the quenching mechanism may be mainly attributed to a combination of multiple factors including competitive absorption, electron transfer, and hydrogen-bonding interactions. However, further research is still needed to conrm the accurate process. As shown in Fig. S3 , † the PXRD results exhibit that the original framework of 1 is still well retained aer the testing experiments for the NACs.
The corresponding quenching efficiency is quantitatively given by the Stern-Volmer equation: (Fig. S8 †) , but the subsequent plots deviate from linearity at higher concentrations (Fig. S9 †) . This performance may be caused by the self-absorption phenomenon. 
50
The excellent sensing performances of 1 in suspension elicit widespread interest in detecting trace NACs in the vapour state at room temperature. Among the four NACs, liquid NB has highest vapour pressure as compared to the three solid NACs at room temperature. 51 Hence, we applied a thin lm device to implement the real-time solid-gas monitoring of NB vapour at room temperature. 52 As shown in Fig. 4a , the emission intensity of 1 decreased continuously with an increase in exposure time under NB vapour. In addition, the corresponding quenching efficiency (%) was determined using the formula: (I 0 À I)/I 0 Â 100%, where I 0 and I are the maximum emission intensities of 1 before and aer exposure to NB vapour, respectively. As illustrated in Fig. 4b , NB can quench the emission intensity to 91.9% aer an exposure time of about 500 s. The quenching phenomenon of 1 in the vapour state is similar to the liquid sensing process; this demonstrates that the quenching mechanism is based on the nature of the resultant sample.
53
Furthermore, it is very important to separate and recycle the crystal sample aer use. In fact, 1 can be recycled by centrifuging the dispersed solution aer use and washing several times with DMF. As shown in Fig. 5 , the luminescent intensity and quenching ability of 1 exhibit very little change aer ve cycles. Furthermore, the high stability of the recovered sample is demonstrated via the PXRD patterns (Fig. S3 †) .
Conclusion
In summary, a luminescent 2D MOF was successfully synthesized based on the semi-rigid tritopic ligand H 3 TATMA with triazines as functional sites and -COOH groups as coordinating sites. The resultant sample displayed fast and reversible solid-state detection of NAC. In addition, the corresponding K sv values are 4.1 Â 10 3 M À1 for NB, 5.0 Â 10 3 M À1 for I-NB, 6.1 Â 10 3 M À1 for 1,3-DNB, and 1.6 Â 10 4 M À1 for TNP. We anticipate that this study provides a new avenue to obtain new structures using these functional semi-rigid ligands and opens a promising approach to design MOF-based sensors for NCAs in the future. 
